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In recent years, the oncologic community has witnessed a revolution in the treatment of patients with advanced non-small-cell lung cancer (NSCLC) and no actionable mutations [1] . For these patients, unleashing the immune response against cancer with the specific use of immune checkpoint inhibitors (ICIs) aimed at blocking the programmed cell death 1 (PD-1), programmed cell death ligand 1 (PD-L1) and anti-cytotoxic T lymphocyte antigen-4 (CTLA-4) has resulted into a dramatic improvement of overall prognosis. Recent data also suggest that, depending on the levels of PD-L1 expression on tumor cells, first-line therapy with an ICI, with or without cytotoxic chemotherapy, is associated with improved clinical outcome as compared with chemotherapy alone [2] [3] [4] . However, several questions still need to be addressed with regards to the optimal implementation of immunotherapy into routine clinical practice. First, it is still uncertain what is the value of adding cytotoxic chemotherapy to an ICI in patients with high PD-L1 expression (≥50%) on tumor cells; second, there is an urgent need for biomarkers more reliable than PD-L1 expression for selection of patient candidates to immunotherapy; third, it is unknown what should be the optimal duration of ICIs treatment.
With regards to the latter point, it should be highlighted that a longer treatment duration is generally associated with a higher incidence of selected toxicities, namely immune-related adverse events (irAEs), which may negatively affect a patient's quality of life and even have life-threatening consequences. On the other hand, given the cost of immunotherapy, a shorter treatment duration may significantly decrease the burden of financial toxicity. Clinical trials have generally evaluated ICIs treatment for up to 2 years or more for responding patients. Importantly, few reasons suggest that benefits from immunotherapy may persist over time after stopping therapy, regardless of the reason for discontinuation. From a pharmacodynamic standpoint, it has been shown that receptor occupancy of PD-1 molecules on circulating T cells remains for almost 3 months after a single dose of nivolumab, despite a serum half-life of only 12-20 days [5] . Also, after three doses of nivolumab, occupancy remains at 40% for approximately 9 months since the last dose. Finally, response to immunotherapy has been largely attributed to the development of an adaptive immune response through the commitment of memory T cells within the tumor microenviroment [6] . Consistently, in one of the first trials that evaluated the anti-PD-1 agent pembrolizumab for patients with metastatic melanoma, an outstanding 2-year disease-free survival rate of 90% was reported for 67 out of the 105 complete responders who discontinued pembrolizumab and proceeded for observation without additional anticancer therapies [7] . Similarly, long-lasting responses that persist despite treatment discontinuation have been reported for NSCLC patients treated with an ICI [8] . In line with their persistent activity, delayed irAEs, meaning those manifesting ≥90 days after discontinuation of immunotherapy, are being increasingly reported in the literature [9] . Certainly, this aspect also highlights the importance of prolonged vigilance for treatment-related adverse events in the post-ICI treatment setting.
So far, the only trial that has prospectively addressed the question about the optimal duration of ICI treatment is CheckMate-153 [10] . In this study, patients with pretreated advanced NSCLC who were benefiting after 1 year of nivolumab in terms of either partial response or stable disease were randomized to continuous nivolumab versus observation followed by nivolumab retreatment at disease progression. The results clearly favored the continuous arm in terms of progression-free survival (PFS) from randomization (not reached vs 10.3 months, respectively, hazard ratio = 0.42 [95% CI: 0.25-0.71]), with a trend also toward improved overall survival (OS) (not reached vs 23.2 months, respectively, hazard ratio = 0.63 [95% CI: 0.33-1.20]). Even if PFS was only an exploratory end point (the primary end point was the incidence of high grade treatment-related adverse events), no central review of tumor assessment was performed and OS data are not mature yet, these results suggest that treatment duration in patients who are benefiting from an ICI should be certainly more than 1 year.
In clinical practice, immunotherapy rechallenge implies retreatment with agents aimed at blocking the anti-PD-1 axis after a period of break. However, it is important to point out that patients who undergo immunotherapy rechallenge may represent a very heterogeneous population, especially in terms of the reason for prior ICI discontinuation. This issue should be taken into account when real-world data on patients subjected to immunotherapy rechallenge are critically revised. A large retrospective study on 1517 advanced NSCLCs found a remarkable median OS from the time of ICI rechallenge of 15.6 months [11] . However, this study did not report on the reason for prior immunotherapy discontinuation. On the other hand, another retrospective analysis by Gobbini et al. suggested that the efficacy of ICI rechallenge may greatly vary based on the cause of previous ICIs discontinuation. In fact, while these authors found a median OS from ICI rechallenge of 1.5 years, survival was higher in the subgroup of patients who discontinued the previous ICI treatment because of toxicity or clinical decision (2.1 and 1.5 years, respectively) and poor for those who had discontinued prior immunotherapy for disease progression (1 year) [12] . On this basis, we believe it is worthwhile that patients who undergo ICI rechallenge should be evaluated according to the three aforementioned clinical scenarios.
In one case, ICI rechallenge may refer to retreatment of a patient who previously discontinued immunotherapy because of an irAE. The decision of resuming immunotherapy in this situation clearly depends on the type and severity of the irAE that the patient had encountered. Recently, a retrospective study was conducted in order to address this relevant question [13] . The authors identified 68 out of 482 ICI-treated NSCLC patients who discontinued treatment because of an irAE, more commonly being pneumonitis, colitis, rash and liver enzymes abnormalities. A total of 38 patients were retreated with ICIs, of whom 18 patients (48%) had no recurrence of irAE. On the other hand, ten patients (26%) experienced recurrence of the same irAE, while another ten patients (26%) developed a new irAE. Importantly, most of the recurrent/new irAEs were mild to moderate in intensity (12 out of 20, 60%), even though two treatment-related deaths were reported upon retreatment. On this basis, it seems that the decision on whether immunotherapy should be resumed in patients who discontinued it for toxicity must be carefully evaluated on a case by case basis, since as much as 50% of patients may experience a recurrent/new irAE. In this context, discontinuing ICI treatment for reasons other than disease progression might still be associated with long-term survival, as it has been recently shown in the publication of the long-term outcome results of advanced NSCLC patients treated with nivolumab within the Phase I CheckMate-003 study [14] . In this trial, of the 16 patients who survived ≥5 years, only nine patients (56.2%) had completed the planned 2-year course of nivolumab treatment, while the remainder seven patients (43.8%) had terminated nivolumab earlier because of either disease progression (n = 3) or adverse events (n = 4). Against this background, it could be important to identify any risk factors that may guide the decision on whether ICI treatment should be resumed after discontinuation because of an irAE. A recent report conducted in advanced cancer patients who discontinued immunotherapy because of an immune-related colitis identified the following factors as those associated with a higher risk of recurrent colitis: need for immunosuppressive therapy with the first event, severity of colitis, longer duration of gastrointestinal symptoms and restart of anti-CTLA-4 therapy as opposed to anti-PD-(L)1 drugs [15] .
In another case, immunotherapy rechallenge can be applied to patients who progress after terminating a prior course of ICIs treatment in the absence of disease progression. In this situation, ICIs rechallenge at the time of acquired resistance may reboost the expansion of memory T cells against the tumor, which, in turn, could help to restore sensitivity to treatment. The benefits of ICIs rechallenge in this context have been retrospectively addressed in patients who were subjected to the anti-PD-L1 agent durvalumab within a Phase I/II study conducted across multiple tumor types [16] . Out of 1022 initial patients, 168 individuals completed the planned 1 year of treatment without disease progression, of whom 70 were retreated with durvalumab upon relapse. Overall, eight patients (11.4%) responded to ICIs rechallenge, while 42 patients (60%) experienced stable disease. Notably, out of the Lung Cancer Manag. (2019) 8 (4) future science group eight responding patients, five had responded to prior durvalumab, while on the total population of patients, the greatest benefit in terms of either partial response or stable disease was noted in individuals who had a treatmentfree interval since prior durvalumab ≥6 months as compared with <6 months (87 vs 48%). However, although this study has suggested a correlation between a long treatment-free interval and augmented sensitivity to ICIs rechallenge, it should be noted that the maximum duration of prior durvalumab was only 1 year, which should be considered suboptimal based on CheckMate-153 results [10] . Importantly, the specific outcome for the 21 NSCLC patients who were rechallenged with durvalumab within the same study was consistent with that of the overall population, with a PFS rate at 1 year of 31 versus 34.2%, respectively. On the other hand, emerging data suggest that as much as two-thirds of NSCLC patients who have completed 2 years of pembrolizumab without disease progression, may experience clinical benefit upon retreatment with the same ICI at disease relapse [17, 18] . In fact, retreatment with pembrolizumab in the KEYNOTE-010 study of platinum-pretreated patients with PD-L1 ≥1% and in the KEYNOTE-024 trial of chemonaïve patients with PD-L1, ≥50% led to a partial response or stable disease in 11 out of 14 patients (78.5%) and seven out of ten patients (70%), respectively. At the present time, a parallel-group Phase II clinical trial is being conducted in order to test rechallenge with pembrolizumab in patients with acquired resistance after stopping treatment (NCT03526887). Finally, in another situation, ICIs rechallenge can be applied to patients who progressed during treatment or within 12 weeks of termination of immunotherapy. In this clinical scenario, ICIs rechallenge should be pursued only within clinical trials and several studies are ongoing in order to address different strategies of rechallenge such as: retreatment after intervening chemotherapy (NCT03526887), rechallenge with the addition of an anti-CTLA-4 agent to an anti-PD-1 drug (NCT03262779), retreatment with continuation of anti-PD-1 agent beyond progression with the concomitant administration of a cytotoxic agent not previously administered (NCT03041181) and rechallenge with the addition of a targeted therapy to an ICI (NCT03334617, NCT03829332). Importantly, most of the aforementioned clinical trials include a mandatory rebiopsy at baseline in order to select the most appropriate treatment and/or understand the molecular mechanisms underlying resistance to ICI treatment.
To conclude, we believe that the exact duration of ICIs treatment and the benefit of ICIs rechallenge for advanced NSCLC are still poorly defined. While a duration of at least 2 years for ICIs treatment has been suggested in a clinical trial, the evidence on the benefit of ICIs rechallenge has been mainly obtained from retrospective studies. However, we suggest that in case of discontinuation because of an irAE, immunotherapy rechallenge can be considered at resolution of toxicity only in selected cases based on the type, severity and duration of the irAE. On the other hand, in case of progression after terminating a prior course of ICIs treatment, rechallenge can be considered, especially after a treatment-free interval ≥6 months based on whether there is a lack of valid therapeutic alternatives. Finally, ICIs rechallenge after an intervening treatment in patients who progressed during immunotherapy should be regarded as investigational and enrollment in clinical trials is highly encouraged.
Notwithstanding, regardless of whether progression occurred during or after termination of ICIs treatment, only the understanding of the molecular mechanisms behind ICIs resistance would help to find novel targets, either immune or biological ones, which eventually may facilitate the development of therapeutic strategies that could extend the proportion of patients benefiting from immunotherapy rechallenge through the use of combinatorial approaches.
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